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                \begin{document}$$H_1$$\end{document}$ onto *D*. Using such results regarding nonlinear operators and fixed points, many authors have studied the split feasibility problem in Hilbert spaces; see, for instance, Alsulami and Takahashi ([@CR3]), Byrne et al. ([@CR5]), Censor and Segal ([@CR7]), Moudafi ([@CR8]), Takahashi et al. ([@CR17]). Recently, Takahashi ([@CR16]) and Takahashi ([@CR18]) extended an equivalent relation as in ([1](#Equ1){ref-type=""}) in Hilbert spaces to Banach spaces and then obtained strong convergence theorems for finding a solution of the split feasibility problem in Banach spaces. Very recently, using the hybrid method by Nakajo and Takahashi ([@CR9]) in mathematical programming, Alsulami et al. ([@CR2]) proved strong convergence theorems for finding a solution of the split feasibility problem in Banach spaces; see also Ohsawa and Takahashi ([@CR10]), Solodov and Svaiter ([@CR12]). Takahashi ([@CR18]) also obtained a result for finding a solution of the split feasibility problem in Banach space from the idea of the shrinking projection method by Takahashi et al. ([@CR14]). Takahashi and Yao ([@CR19]) presented the following hybrid iteration algorithm in a Hilbert space *H*: for $\documentclass[12pt]{minimal}
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**Theorem TY** {#FPar1}
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In this article, a new multidirectional monotone hybrid iteration algorithm for finding a solution to the split common fixed point problem is presented for two countable families of quasi-nonexpansive mappings in Banach spaces. Strong convergence theorems are proved. The application of the result is to consider the split common null point problem of maximal monotone operators in Banach spaces. Strong convergence theorems for finding a solution of the split common null point problem are derived. This iteration algorithm can accelerate the convergence speed of iterative sequence.
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The duality mapping *J* from *E* into $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2^{E^*}$$\end{document}$ is defined by$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} Jx=\{x^*\in E^* : \langle x,x^*\rangle =\Vert x\Vert ^2=\Vert x^*\Vert ^2\} \end{aligned}$$\end{document}$$for every $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$x\in E$$\end{document}$. Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$U=\{x\in E : \parallel x\parallel =1\}$$\end{document}$. The norm of *E* is said to be Gateaux differentiable if for each $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$x,y\in U$$\end{document}$, the limit$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \lim _{t\rightarrow 0}\frac{\parallel x+ty\parallel -\parallel x\parallel }{t} \end{aligned}$$\end{document}$$exists. In the case, *E* is called smooth. We know that *E* is smooth if and only if *J* is a single- valued mapping of *E* into $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E^*$$\end{document}$. We also know that *E* is reflexive if and only if *J* is surjective, and *E* is strictly convex if and only if *J* is one-to-one. Therefore, if *E* is a smooth, strictly convex and reflexive Banach space, then *J* is a single-valued bijection and in this case, the inverse mapping $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J^{-1}$$\end{document}$ coincides with the duality mapping $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J_*$$\end{document}$ on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E^*$$\end{document}$. For more details, see Takahashi ([@CR15]) and Takahashi ([@CR13]).

Let *C* be a nonempty, closed and convex subset of a strictly convex and reflexive Banach space *E*. Then we know that for any $\documentclass[12pt]{minimal}
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The adjoint spaces and adjoint operators are very important in the theory of functional analysis and applications. Not only is it an important theoretical subject but it is also a very useful tool in the functional analysis and topological theory.
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Main results {#Sec2}
============

**Lemma 5** {#FPar6}
-----------
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*Proof* {#FPar7}
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**Lemma 6** {#FPar8}
-----------

*Let* *E* *be a smooth Banach space, let* *C* *be a closed convex subset of* *E*, *and let* $\documentclass[12pt]{minimal}
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                \begin{document}$$\{S_n\}$$\end{document}$ *be a uniformly closed family of countable second-type quasi-nonexpansive mappings from* *C* *into itself. Then the common fixed point set* *F* *is closed and convex.*

*Proof* {#FPar9}
-------
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**Lemma 7** {#FPar10}
-----------

(Alber [@CR1]) *Let* *H* *be a Hilbert space, let* *C* *be a nonempty closed convex subset of* *H* *and let* $\documentclass[12pt]{minimal}
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Next, we present a new hybrid algorithm so-called the multidirectional hybrid algorithm for finding the common fixed point of a uniformly closed family of countable quasi-nonexpansive mappings and a uniformly closed family of countable second-type quasi-nonexpansive mappings.

**Theorem 8** {#FPar11}
-------------
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*Proof* {#FPar12}
-------
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**Theorem 9** {#FPar13}
-------------
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Application for common null point problem {#Sec3}
=========================================
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**Lemma 11** {#FPar15}
------------
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**Definition 12** {#FPar16}
-----------------

Let *E* be a Banach space, let *C* be a nonempty, closed, and convex subset of *E*. Let $\documentclass[12pt]{minimal}
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A uniformly weak closed family of countable quasi-nonexpansive mappings must be a uniformly closed family of countable quasi-nonexpansive mappings.

**Theorem 13** {#FPar17}
--------------
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*Proof* {#FPar18}
-------
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**Theorem 14** {#FPar19}
--------------
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Proof {#FPar20}
-----
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Examples {#Sec4}
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**Conclusion 16** {#FPar23}
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